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Abstract 
The Laspeyres index decomposition model is applied to analyze the contribution of technical progress and industrial 
structure to the energy saving from 1995 to 2007, and the energy saving potential of the Yangtze River Delta were 
calculated and compared, the results show that: economic growth was a major factor influencing energy consumption 
growth, and its average effect up to 62.14%; technical progress and structural changes largely  alleviated the energy 
demand growth with an annual average contribution by 37.85%. Technical progress effect which showed a 
decreasing trend year by year is much more than the industrial adjustment that had volatility trends; a significant 
regional difference exists in the energy-saving effects of technical progress and structural change, the energy saving 
potential of technical progress was much greater than the role of industrial adjustment. Finally , the article gives some 
suggestions on industrial structure adjustment, energy technology progress, regional energy optimization, etc. 
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1. Introduction 
The Yangtze River Delta economic strength has markedly increased since reform and opening, which 
is companied by the rapid growth of energy consumption. Analysis of the energy demand growth factors 
has important practical significances to sustainable development  of Yangtze River Delta  and the 
achievement of emission reduction targets by 2020. Based on the states of energy demand of Yangtze 
River Delta, this paper discuss the energy conservational potential of economic growth, structural 
 
  Corresponding author. Tel.: +86-13913458104; fax: +86-0516-83591152. 
E-mail address: wangdi9605@163.com. 
Open access under CC BY-NC-ND license.
© 2011 Published by Elsevier Ltd.  
Selection and peer-review under responsibility of RIUDS
Open access under CC BY-NC-ND license.
Wang Di et al. / Energy Procedia 5 (2011) 690–694 691
adjustment and the energy effects of technical progress. With a view to determine the dominant factor in 
energy conservation and the use of regional energy efficient  configuration , some useful suggestions on 
the coordination of energy and economic development are given. 
Based on the existing literatures, we carried out studies in the relat ionship between energy demand and 
economic growth. According to the differences between research methods, it can be summarized into 
three categories. The first is based on econometric analysis, for example, ZHAO, et al. have investigated 
the relationship between internal economic growth and energy consumption  [1]; the second is based on the 
C-D production function of the endogenous growth model[2,3]; the third is based on different methods of 
statistical analysis including stochastic frontier analysis [4], factor decomposition[5,6] and other methods. 
Among them, the factor decomposition was the most common and efficient method which can help to 
grasp the principal contradiction and separate the effects of various factors. However, owning to 
decomposition is not perfect, there is residual item in the results which deviated from the actual situation 
but failed to measure the size of the regional energy saving potential. 
In this paper, the energy conservation factors are investigated with the improved Laspeyres index 
decomposition method, and energy-saving potential of each factors are calculated. The primary goal of 
this paper was to analy ze the dominant factor in energy conservation and provides some useful 
suggestions about the economical use of energy optimizat ion. The problem under d iscussion is within the 
scope of the final energy usage of Yangtze River Delta from 1995 to 2007. 
2. Model 
According to the basic equation of energy demand, it can be decomposed by six departments: 
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Where, Gi and Ei denoted the i-sector GDP and energy consumption respectively; while Ii signified the 
energy intensity in sector-i; and Si represented sector-i economic structure. Setting the base period total 
energy consumption as E0, period-t energy Et; then, based on Laspeyres index complete decomposition 
technology, the changes of energy consumption from period-0 to period-t can be expressed as: 
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Where, 0'  t tG G G , 0'  t ti i iS S S , 0'  t ti i iI I I . It can  be seen that changes of energy consumption can be 
expressed as the results of economic growth, industrial structure and technical progress. 
3. Empirical Analysis 
3.1. Data sources and processing 
Taking the data availability into account, the paper selected the energy consumption, economic growth, 
industrial structure and four technical advance indicators, as fo llows: energy consumption, according to 
the dates of energy balance of Jiangsu, Zhejiang and Shanghai in  "China Energy Statistical Yearbook", 
which indicates the standard amount of final energy consumption to measure its level in the Yangtze 
River Delta; economic growth can be represented by GDP, and process it according to the comparable 
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price in 1995; industry structure, represented by the ratio of 6-sector economic growth to the total 
regional economy, data from the CCER database; technical progress, represented by the indicator of 
energy consumption intensity over the years , data from "China Energy Statistical Yearbook". 
3.2. Empirical results and discussion 
According to energy consumption and economic development data of the Yangtze River Delta, the 
paper applied the Laspeyres index complete decomposition method, which  obtained relevant results  about 
energy consumption change (table1). 
Table 1   Factor decomposition of energy consumption change in the Yangtze River Delta 
Year 
Economical scale effect  Industrial structure effect  Technical progress effect  
Amount (104tce) Contribution (%) Amount (104tce) Contribution (%) Amount (104tce) Contribution (%) 
1996 2762.2 56.70 -247.1 -5.07 -1862.1 -38.23 
1997 4855.1 54.04 -326.2 -3.63 -3802.9 -42.33 
1998 6338.5 54.85 -526.7 -4.56 -4690.9 -40.59 
1999 7837.9 56.23 -556.7 -3.99 -5545.2 -39.78 
2000 10438.3 60.34 -562.0 -3.25 -6297.9 -36.41 
2001 12677.4 59.75 -622.2 -2.93 -7919.2 -37.32 
2002 16115.6 63.98 -713.0 -2.83 -8358.0 -33.18 
2003 21258.1 65.96 -476.9 -1.48 -10495.2 -32.56 
2004 27955.6 67.98 -815.7 -1.98 -12349.8 -30.03 
2005 36244.8 69.24 -1168.8 -2.23 -14929.7 -28.52 
2006 43739.8 68.73 -2202.8 -3.46 -17698.8 -27.81 
2007 52738.7 67.91 -2938.3 -3.78 -21988.0 -28.31 
(1) The trend of energy consumption trends in Yangtze River Delta 
With the rapid economic development in  the Yangtze River Delta, energy consumption increased from 
170 million tce in 1996 to 450 million tce in 2007. From the empirical results, economic growth  is a 
dominant factor of energy consumption growth, whose average level is up to 62.14%. Technical progress 
and industries restructuring have reduced the energy demand, its contribution up to 37.85%. The effect of 
economic growth has stimulated energy demand largely which is up to 67.91% in 2007 with net energy 
consumption increase to 527.39 million tce. Analysis shows that, as the development of industrializat ion, 
the large infrastructure projects and the rapid development of high energy consuming industries 
contribute significantly to the growth of energy cons umption. 
In contrast, technical progress and economic restructuring are important factors in energy conservation, 
and the effect of former is significantly greater than the latter. From the empirical results, the energy-
saving effect of technical progress decreased year by year, from 42.23% to 28.31% from 1996 to 1997. 
The effect of energy conservation on Industrial restructuring showed a fluctuating trend, the effect of 
inhibitory on the energy consumption is 5.07% in 1996 which reduced to 1.48% in 2002, and then 
increased to 3.78% in 2007. Its energy conservation effect improved a little. 
(2) Comparison of energy-saving factors in Yangtze River Delta 
Based on the above analysis, the economical use of energy depends on the optimizat ion of industrial 
structure adjustment and energy technology progress. Fig1 showed that technical progress is the primary 
means of economical use of energy in this stage, whose total amount of energy conservation reached to 
1.159 billion tce which is 10.4 times the energy saving effect of industrial structure. 
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a   Industrial structure effect (%)                                                                b   Technical progress effect (%) 
Figure1   Regional energy conservation comparison between industrial structure and technology progress 
From the view of the energy-saving effect of industrial restructure, there is a clear regional d ifference 
in the Yangtze River Delta. Jiangsu province showed a trend of two stages change in 2002. The reasons 
include two  aspects: the first, the heavy industry led to a massive growth in energy consumption; and the 
second is transfer the way of economic g rowth which should transfer from consumer-led to investment-
oriented. In contrast, Zhejiang Province showed the opposite trend, industrial structural changes played a 
negative role in energy conservation before 2002, and then played a positive role from -0.38% to -8.0% 
during 2002-2007. Meanwhile, energy-saving potential of industrial structure makes the most significant 
effect, owing to the rapid development of finance, trade, services and other industries  in Shanghai, its 
average effect reached -10.16%, which is far higher than others. 
Overall, the effects of technical progress on energy-saving was very significant, its energy saving 
effect reached an average annual technology -34.59% in the Yangtze River Delta reg ion, and declined at 
the top -42.33% in 1997. From the perspective of Regional comparison, Jiangsu and Zhejiang provinces’ 
technical progress effects showed a decreasing trend year by year, while Shanghai’s effect is on the 
contrary, which increased from -23.6% in 1996 to 29.46% in 2007. 
(3) Comparison of potential energy saving in the Yangtze River Delta 
From the emission reduction practices of developed countries, economical usage of energy should 
adjust industrial structure and improve energy  efficiency. The Yangtze River Delta  ought to actively 
adjust the industrial structure, by relying on technical innovation, and the improvement of the energy-
intensive industry, responding to the targets of emission reduction by 2020. 
According to the results, the share of the industrial structure reduced by 1%, while  the tertiary  industry 
increased by 1% with the obvious energy-saving amount. For example, if the share of the industrial 
structure fell by 1%, it can achieve energy-saving 3.12 million tce. The structure of the tertiary industry 
increased by 1% would increase the proportion of 1.09 million tce. From the view of regional energy 
saving potential, Jiangsu province has the largest energy saving potential, whose amount of energy-saving 
achieved 10.25 million tce during 1995~2007, which is much larger than Shanghai and Zhejiang. 
However, there were significant differences among different areas, and the potential energy saving in 
Zhejiang is the fastest in industrial structure. Conversely, the potential o f Jiangsu is relat ively slower than 
that in other areas, but its absolute amount is the biggest. In contrast, Shanghai's energy-saving potential 
of industrial restructuring trend was  decreasing year by year. 
Technical progress is the primary means of reducing energy consumption. Based on the estimation 
results, there is great potential in energy saving of technology. For instance, every 1% increase in energy 
efficiency will save 30.92 million tce, which is equivalent to 6.89% of the actual energy consumption of 
the Yangtze River Delta in 2007. View from the regional level, Jiangsu, Shanghai and Zhejiang 
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provinces’ potential energy saving radiate growing trend, in which Zhejiang Province is the fastest area in 
technology energy-saving, followed by Jiangsu and Shanghai. 
4. Conclusions 
Based on the above analysis, several conclusions can be obtained as follows: 
(1) Yangtze River Delta shows that economic development is the dominant factor of energy demand 
growth year by year, its average effect is up to 62.14%, while the net increase is up to 2.43 b illion tce 
during 1995-2007, and its fundamental reason is the accelerated development of industrialization and 
urbanization. A large number of infrastructure projects and energy-intensive industries contributed to the 
high amount of investment in energy consumption growth. 
(2) Technical progress and structural changes largely alleviated the energy demand growth, both 
annual contribute to energy saving was 37.85%. As the effect  of technical p rogress was much larger than 
the role of industries adjustment, the former showed a decreasing trend year by year, and the latter 
volatility trends with the effect of technical progress reached to 1.16 billion tce during 1995-2007. 
(3) There are obvious regional differences in energy-saving effect of industrial structure. And its effect 
showed 2-stage-change trend in Jiangsu, Zhejiang conversely, showed increased trend after 2002. In 
contrast, its effect of industrial structure in Shanghai change is the most significant one. In addition, the 
energy-saving effect of technical progress  is significant, though its trend was decreasing year by year, its 
average effect of technical progress reached -34.59%, while Jiangsu Province at the top of -38.09%.  
(4) The potential of energy-saving in technical progress is much larger than industrial restructuring. If 
energy efficiency increases by 1%, its energy saving potential could reach 30.92 million tce. On 
perspective of regional energy saving potential, the development of energy saving potential of industrial 
restructuring is relatively slow in Jiangsu Province, but its total energy saving amount is the biggest, and 
its energy-saving potential is much larger than Shanghai, and Zhejiang provinces. 
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